Family with sequence similarity three member C (FAM3C) (interleukin-like EMT inducer [ILEI]), heat shock factor 1 (HSF1) and Ying-Yang 1 (YY1) have been independently reported to be involved in the pathogenesis of various cancers. However, whether they are coordinated to trigger the development of cancer remains unknown. 
| INTRODUC TI ON
Breast cancer is one malignant tumour that occurs in the breast epithelium. It was reported that breast cancer had become the most common cancer in the female population worldwide in 2012. 1 In 2012, about 520 000 people died of breast cancer worldwide. 1 In
China, breast cancer is the most common cancer and accounts for about 15% of newly diagnosed cancers in women. 2 It was estimated that there would be 2.5 million breast cancer patients in China by 2035. 2 Clearly, breast cancer has become a severe disease endangering the health of women worldwide. More intensive studies are needed to probe the mechanisms of breast cancer.
Transforming growth factor-β (TGFβ) protein has dual roles in the development of tumorigenesis. It inhibits tumour growth by inducing cell cycle arrest and apoptosis in the early stage of tumour formation. 3, 4 However, with the progression of tumour, TGFβ stimulates the proliferation and migration of cancer cells, promoting tumour growth and invasion. 3, 4 Protein kinase B (Akt) is an important intracellular molecule that stimulates cell proliferation and inhibits apoptosis 5, 6 beyond its roles in regulating glucose and lipid metabolism as the key molecule of insulin signalling transduction. 7, 8 It has been reported that Akt activation plays a critical role in TGFβ-promoted development of breast cancer. 9, 10 Family with sequence similarity 3 (FAM3) cytokine-like gene family discovered in 2002 consists of four members designated as FAM3A, FAM3B, FAM3C and FAM3D, respectively. 13 It has been reported that FAM3C is involved in TGFβ-induced epithelial-mesenchymal transition (EMT), 14 and it is also called interleukin-like EMT inducer (ILEI).
Knockdown of FAM3C inhibits TGFβ-induced EMT.
14 So far, although FAM3C expression has been reported to be increased in various cancer tissues including breast cancer tissue, 14 ,15 its mechanism(s) in tumour cell proliferation and migration still remains largely unknown.
Particularly, the role of FAM3C in TGFβ-induced Akt activation and cell proliferation/migration in breast cancer cells remains unrevealed.
Heat shock factor 1 (HSF1) is a transcription factor controlling the process of stress, shock response, development and many other biological processes by inducing the expression of heat shock proteins (HSPs). 21, 22 Heat shock factor 1 is also activated in breast cancer tissue, and its high expression level is associated with poor prognosis of breast cancer. 23, 24 Clearly, both FAM3C and HSF1 are important biomarkers and potential targets for the diagnosis and treatment of breast cancer.
However, whether they are coordinated to promote the development of breast cancer remains unknown. It has been established that FAM3A, FAM3B Beijing, China, the same concentration of scrambled siRNAs was used as negative control) for 12 hours, followed by the treatment with Ad-FAM3C or 2 ng/µL TGFβ for 12 hours. All siRNAs used in this study are naked siRNA, and the siRNA sequences were listed in Table S1 .
| Western blotting assays
Proteins were extracted from cells using Roth lysis buffer containing fresh protease and phosphatase inhibitors (Applygen, Beijing, China). Table S2 .
| Cell counting by haemocytometer
After treatments, the cells were split and resuspended in culture medium. The cell suspension was thoroughly mixed and the cells were dispersed. A small amount of sample was drawn from the groove on both sides of the middle platform of the haemacytometer. The 
| Plasmid transfection

| Cell viability assay
Cell viability was determined as detailed previously using 3-(4,5-
(VETEC, Shanghai, China) methodology. 6 MTT assays were performed as detailed previously. 6 The values were normalized to that of control groups of cells.
| Cell migration assays
Cell motility was assessed using a wound healing assay. Treated cells were wounded by a 200 μL plastic pipette tip, and washed using phosphate-buffered saline (PBS) to remove cellular debris. After 0 and 12 hours, images of the wound areas under each condition were photographed. Migration rate was calculated by measuring the move distance of cells as detailed previously. 6 Moreover, the rate of wound healing was also evaluated by calculating wound area as detailed elsewhere 29, 30 using ImageJ software (http://rsb.info.nih.
gov/nih-image/). In the later method, the wound closure rate was determined using the formula: wound closure rate (%) = ([wound area 0h − wound area 12h ]/wound area 0h ) × 100.
| Transwell migration assay
The method for transwell migration assay was detailed elsewhere. was dissolved in 33% ethanoic acid, and the absorbance was determined at 570 nm. The data were normalized to the control value.
| Cell cycle detection assay
When the cells reached 60%-80% confluence, cells were treated with siRNA, Ad-FAM3C or TGFβ for 24 hours. The cells were collected and washed twice with PBS, fixed with 70% ethanol for 1 hour at 4°C, washed again with PBS, and re-suspended with propidium iodide (PI) solution (0.05 mg/mL) containing RNase. Next, they were incubated at room temperature in the dark for 30 minutes. The DNA content was analysed using a flow cytometer.
| Luciferase reporter assay
The The data in each read were normalized by the data of ranlila luciferase.
| Immunohistochemistry
Three 
| Statistical analysis
The results are presented as the mean ± SEM. Statistical significance of differences between groups were analysed by t test. P values <0.05 were considered as statistically significant. 
| Inhibition of HSF1 reversed the stimulatory effects OF FAM3C and TGFβ on the proliferation and migration of MDA-MB-231 cells
To further determine the roles of HSF1 in FAM3C-and TGFβ-pro- Figure S6 . As a result, bioinformatic prediction revealed that six putative binding sites highly specific for transcription factor YY1 were existed in the promoter region of human HSF1 gene ( Figure   S6 ). Reference mining revealed that YY1 deregulation had been reported to be involved in the pathogenesis of breast cancer. 
| D ISCUSS I ON
The transcription factor YY1 was discovered in the 1990s 35, 36 . YY1
belongs to the GLI-Kruppel zinc finger transcription factor family, and has many biological functions by regulating the expressions of its target genes. 37 It has been estimated that YY1 may regulate about 10% of mammalian gene expressions. 38, 39 Recently, there had been increasing evidence that YY1 also plays important roles in the pathogenesis of various cancers including breast cancer. 40, 41 In human breast cancer tissues, YY1 expression is increased, and high expression of YY1 protein level is associated with poor prognosis of breast cancer in human. 33, 34, 40, 41 However, Lea MH et al also reported that YY1 protein level is lower in the breast cancer tissues of breast cancer patients than in the normal breast tissues. 33 Moreover, YY1 overexpression represses the proliferation and migration of breast cancer cell lines. and HSF1 expressions as observed in human breast cancer or other cancer tissues. In one previous study, Chaudhury A et al found that TGFβ-induced EMT is associated with the up-regulation of FAM3C and activation of Akt. 44 However, the relationship between FAM3C up-regulation and Akt activation remained unanswered in the same study. 44 The current and our previous findings 27, 28 revealed that FAM3C likely mediates TGFβ-promoted Akt activation in the pathogenesis of EMT through YY1-HSF1 signalling axis. New FAM3C-YY1 pathway also provides an explanation for the findings that TGFβ induces HSF1 expression with unclear mechanism in ovarian and breast cancer cells. 45, 46 Interestingly, although YY1-HSF1 pathway plays an important 
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